Introduction
Hutchinson-Gilford progeria syndrome (HGPS: MIM 176670), first described over a century ago, is an extremely rare genetic disorder, with features of accelerated and premature ageing [1] [2] [3] [4] . The incidence of the disease has been reported to be about 1 in 4 to 8 million newborns with a total reported incidence of just over 100 in the century since its discovery [5] . Typically affected children appear normal at birth but begin to develop characteristic symptoms within the first year of life. The clinical features include alopecia, lypodystrophy, prominent joints, micrognathia, scleroderma like skin changes, prominent scalp veins, pluck bird appearance, beaked nose, short stature, often with premature death from myocardial infarction or stroke [5, 6] . The age at death has been reported to range from 7-28 years with a median age of 13 years [7] . In some HGPS patients, the clinical presentation resembled mandibuloacral dysplasia with partial lypodystrophy which is caused by mutations in LMNA gene located on chromosome 1q21 encoding Lamin A/C [8, 9] . Some HGPS patients had an inverted insertion of 1q while others had an interstitial deletion involving 1q23 [10] . Eriksson, et al. [2003] reported another HGPS patient with uniparental disomy of 1q involving the region flanked by markers D1S498 and D1S2836 harboring LMNA gene. Finally by means of homozygosity mapping and candidate gene analysis it became evident that heterozygous, recurrent de novo point mutations in the lamin A/C gene (LMNA: MIM 150330), caused this autosomal dominant disorder [11, 12] . A few clinical reports and a LMNA mouse model also suggested the autosomal recessive inheritance of progeria [4, 5, 13] . Plasilova, et al. [2004] performed genome wide linkage analysis and subsequent LMNA mutation screening in a consanguineous family and provided molecular evidence for HGPS [5] . LMNA encodes two A type lamins (A and C) which are the result of alternative splicing. They share the first 566 amino acids [14, 15] . These two lamins along with B type lamin represent the main components of the nuclear lamina. B type lamins are ubiquitiously expressed in all cell types and at all developmental stages. However, A-type lamins are absent in cells of early embryo, embryonic stem cells, cells of immune and hematopietic system as well as in the cells of neuroendocrine system [5, 16, 17] . In addition to HGPS, germline mutations in LMNA have been reported to cause 7 phenotypically different disorders, inherited in an autosomal dominant and/or recessive manner [11, 12, 18] . Brien and Weiss [2001] reported a novel 594 C>T silent mutation in β (1-4) galactosyltransferase gene (B4GALT1) associated with HGPS in Caucasians [19] . The probands studied by them died of complications associated with coronary artery disease. Clark and Weiss [1995] reported that progeria types can be defined by differences in presentation of cell surface glycosylation that affects the binding of lectin DSA [20] . Studies support a model of defective synthesis of glycans with β (1-4) N-acetylglycosamine linkages. Brein and Weiss [2001] reported that an allele of glycosyltransferase is linked to predisposition to HGPS [19] . However, the molecular mechanism by which these mutations produce the characteristic manifestations of this dominant disorder remains to be elucidated. In the present study we investigated two HGPS siblings originating from Andhra Pradesh region of South India. Clinical characteristics were evaluated and molecular analysis was carried out to detect mutations in LMNA as well as B4GALT1 genes.
Materials and Methods Subjects
An 8 year old male child and his younger sibling, a 6 year old girl child presenting with HGPS were evaluated in the Dr. Pinnamaneni Siddhartha Institute of Medical Sciences and Research Foundation, Chinnaoutpally, Gannavaram, Krishna District, Vijayawada (A.P., India). The study was approved by the local ethical committee and the subjects were examined by a qualified pediatrician and clinical characteristics were noted down. Written informed consent was obtained from the family for molecular analysis. Routine biochemical investigations were carried out using standard procedures.
DNA Isolation and Genotyping
5 ml of peripheral blood was collected in EDTA tubes. The genomic DNA was extracted by standard phenol-chloroform method. All the exons of the LMNA gene were amplified by PCR using the primers listed in [Table- 1] [21] . The PCR products were directly sequenced in forward and reverse direction using the Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems) and analyzed on an automated sequencer (Applied Biosystems, Foster city, CA). The 594 C>T mutation in B4GALT1 gene was detected by amplifying the region of interest using following primers: Forward: 5' -GCTCGTGGCAAAGCAGAACC 3'Reverse: 5'CCAGGCCTCAC-CTGGTTGATA-3' and subjecting the PCR products to direct sequencing as mentioned above. All the PCR products were also outsourced for sequencing to confirm the results.
Table 1-Primers for exons (1-11) of LMNA gene
Results An 8 year male child weighing 13 Kg, elder of the two siblings, born to second degree consanguious parents [ Fig-1 ] was admitted for bronchopneumonia in Dr. Pinnamaneni Siddhartha Institute of Medical Sciences and Research Foundation in November 2011. The child was normal at birth and up to 1 year of age. Later he developed progressive skin, skeletal and other changes giving him characteristic HGPS appearance. The child had difficulty in walking since 5½ years and has been completely bed ridden since 7½ years of age.
Fig. 1-Pedigree of the HGPS family
Child had difficulty for swallowing solids and was able to take only liquids and semisolids. He had fractures of both right humerus and right tibia with trivial trauma. All the clinical features of the affected child revealed age related features of HGPS [Fig-2a] . The head appeared to be large with a circumference of 49.5 cm, had prominent scalp veins, alopecia started at 6th month of age. In addition to this, he had prominent eyes, receding mandible, narrow nasal bridge, crowding of teeth and pointed nasal tip, absent clavicles, pectus carinatum, flexion deformity of fingers, joint contractures, nail dystrophy, limited range of motion in joints of hands and legs, skin changes similar to scleroderma and loss of subcutaneous fat. X-ray photographs of the proband revealed V shaped lytic lesions at the end of tibia, thinning of ribs and absent clavicles and severe osteopenia of the hand [Fig-2c ].
Medical examination did not find any pathological findings in the parents. The mother of the proband did not suffer from any illness during pregnancy. However, the 6 year old younger girl sibling on physical examination revealed alopecia which started at 8th months of age. She had prominent scalp veins, characteristic facies with prominent eyes, sculpted nose and low set ears. The skin was dry and scaly with loss of subcutaneous fat, fixed flexion deformity of fingers and dystrophic nails. The child was walking without support but there was difficulty in sitting from standing posture. She had anterior fontanel patent (size 0.5x0.5cm). All the clinical features of both the siblings have been summarized in [Table- 2] [Fig-2a] [Fig2b ]. 
Biochemical Investigations

Table 2-Clinical features of the affected siblings
LMNA Mutation Analysis
The mutational analysis was carried out for parents as well as affected children along with 50 healthy controls belonging to the same ethnic group. We sequenced all the exons of LMNA gene. The sequencing results revealed that both the siblings had a novel mutation C>T in exon 10 at c1699 (Gly567Trp) [Fig-3 ]. Both the siblings were heterozygous for the mutation. However, neither the parents nor the controls had this mutation revealing that this de novo point mutation is responsible for HGPS in these siblings. As far as the 594 C>T mutation in B4GALT1 is concerned, we did not find this mutation in the proband, his affected sibling as well the parents. [11, 12, 22] . Majority of these cases have been reported to carry heterozygous G608G splicing mutation. This was not detected in parents i.e. it occurred de novo. Unlike most other "accelerating aging diseases" which are caused by defective DNA repair, HGPS is an autosomal dominant disorder. In this study we present 2 HGPS siblings born to unaffected parents. The children were born to parents with second degree consanguinity. Consanguinity has been reported twice in classical HGPS [23, 24] . Plasilova, et al. [2004] have provided molecular evidence that HGPS is also inherited in autosomal recessive mode of inheritance in consanguious families with more than one affected sibling [5] . Although recurrence in classical HGPS (autosomal dominant disorder) has not been described, D'Apice, et al. [2004] found a parental origin of the mutations in LMNA gene [25] . In a classical HGPS patient with G608G mutation, the phenotypically normal mother was found to have somatic mosaicism. 10% of her buccal cells were reported to harbor the same mutation [26] . A segregation study confirmed that the mutation was transmitted from mother, who showed germ line as well as somatic mosaicism. In the present study we found recurrence of the disease which might be as a result of germ line mosaicism in one of the parents. This is for the first time that we found recurrence of the disease in case of HGPS inherited in an autosomal dominant fashion. The drawback of the study is that we were not able to confirm somatic or germ line mosaicism in the parents. Munshi A., Satyanarayana U., Babu M.S., Vasundhara A., Harischandra Y.V., Krishna A., Kumari J.S. and Jyothy A. Chromosomal abnormalities have also been reported in few HGPS cases. However, in the present study, the parents as well as the affected children had a normal karyotype. We sequenced all the exons of LMNA gene, but did not find any mutation in exons11, 9, 8 and 2 as reported previously . Both the siblings with characteristic HGPS appearance had a novel C1699T mutation in exon 10 of LMNA gene. The results were confirmed by outsourcing the samples for DNA sequencing. In addition to G608G (C1824T) mutation, Eriksson, et al. [2003] reported another case with G608S (1822 G>A) mutation which was simultaneously reported by two other groups [12, 27] . These mutations have been reported to activate a cryptic splice donor site resulting in the synthesis of a protein with 50 amino acids deleted near the carboxyl terminus of prelamin A. This truncated variant is not appropriately processed to lamin A. During processing of the mutated prelamin-A, a protein metabolite called progerin gets accumulated. This metabolite induced nuclear blebbing in HGPS cells grown in culture [16] . This suggests serious disruption of DNA metabolism may be occurring in these cells and several outcomes like induction of cell senescence, induction of apoptosis, dysregulation of gene expression, dysregulation of differentiation etc. are possible. Progerin has also been reported to interfere with mitosis and induces DNA damage responses [27, 28] . The novel mutation in the present study might give rise to a cryptic splice variant of LMNA protein. This novel mutation was not observed in parents as well as the healthy controls.
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Table 3-Mutations reported in LMNA gene in HGPS
Patients with mutations in exon 10 and 11 have typical phenotype of HGPS, while as mutations in exon 2, 8 or 9 (compound heterozygote) show unusual clinical features like ample subcutaneous tissues and persistence of coarse hair on the head (for exon 2 mutation) and absence of coronary artery disease (for exon 8 and 9 mutations). However, the only report on mutations in exon 10 of LMNA gene has not mentioned anything about the presence or absence of coronary artery disease. In the present case also we did not find any evidence of coronary artery disease in the affected children [5] . However, the proband had many episodes of bronchopneumonia. All the LMNA mutations reported so far have been summarized in table 3. A two year Dutch boy with HGPS was a compound heterozygote for two mutations in LMNA gene [29] . B4GALT1 gene is one of the seven beta 1-4-galactosyltransferase (beta4Galt) genes. These genes encode for type-II membrane based glycoproteins. These proteins appear to have exclusive specificity for the donor substrate UDP-galactose. B4GALT1 gene is unique among these genes because it encodes for an enzyme that participates both in glycoconjugate and lactose biosynthesis. A novel mutation 594 C>T has been reported to be associated with HGPS [19] . However, in the present study we did not find this mutation in any of the subjects. At present there is no particular treatment for progeria. However, more research is warranted to find effective treatments and/or a cure for children affected with HGPS. The results of the present study suggest that de novo point mutations in LMNA gene are responsible for causing HGPS. This supports the prevailing hypothesis that HGPS represents the sporadic autosomal dominant disorder. 2  G433A  11  8  C1623 T  27  9  C1791 T  27  10  G1626C  5  C1699T  This study  11  C1824 T  5,11,27  G1822A 5,27 C1868 G 7
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